# ftec'd#7P70 2 8 JAN 2005 

PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2000-1 47793 

(43)Date of publication of application : 26.05.2000 



(SDlntCL 



G03F 7/42 
G03F 7/30 
H01L 21/027 
H01L 21/3065 
H01L 21/306 
// C23F 1/00 



(21 Application number : 10-321876 



(22)Date of filing : 



12.11.1998 



(71 Applicant : MITSUBISHI ELECTRIC CORP 

SHIMADA PHYS & CHEM IND CO 
LTD 

(72)Inventor : OYA IZUMI 
NODA SEIJI 
MIYAMOTO MAKOTO 
KUZUMOTO MASAKI 
OMORI MASASHI 
KATAOKA TATSUO 



(54) METHOD FOR REMOVING PHOTORESIST FILM AND APPARATUS THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove photoresist films 
by a method capable of reducing the amount of raw 
material used and cost for ventilation equipment, less 
liable to adversely affect the environment and having 
high removal efficiency. 

SOLUTION: Substrates 8 each having a photoresist film 
are arranged in a hermetically sealed system so that the 
surfaces of the substrates 8 can be brought into contact 
with a photoresist film removing solution and ozone is 
allowed to exist near the surface of the solution in the 
form of gas and/or dissolved gas. The relative position 
of the surfaces of the substrates 8 and the surface of 
the solution is varied to decompose and remove the 
photoresist films. The relative position is continuously or 
intermittently varied in an arbitrary range from a position 
at which the bottoms of the substrates 8 present above 
the surface of the solution to a position at which the 
tops of the substrates 8 present under the surface of 
the solution. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate front face which has the photoresist film in the sealed system is 
arranged so that a photoresist film removal solution can be contacted. And it is made to exist in 
the condition of having made ozone mixing in gas and/or a solution near the oil level of this 
solution. It is the photoresist film removal approach of changing the relative position of said 
substrate front face and oil level of said solution, and disassembling and removing the 
photoresist film. The photoresist film removal approach characterized by changing said relative 
position intermittently in succession in the range of the arbitration from the location where a 
substrate pars basilaris ossis occipitalis exists on the oil level of said solution to the location 
which has the substrate upper part under the oil level of said solution. 

[Claim 2] The photoresist film removal approach according to claim 1 characterized for ozone 
and a photoresist film removal solution by coincidence or supplying separately into the system 
which a photoresist film removal solution is chosen from pure water, aqueous acids, an alkaline 
water solution, or an organic solvent, and was sealed. 

[Claim 3] The photoresist film removal approach according to claim 2 which supplies ozone and a 
photoresist film removal solution to coincidence by making ozone mix into a photoresist film 
removal solution. 

[Claim 4] The photoresist film removal approach according to claim 1 to 3 which controls change 
of said relative position by moving a substrate. 

[Claim 5] The photoresist film removal approach according to claim 1 to 3 which controls change 
of said relative position by carrying out the variation rate of the oil level of a photoresist film 
removal solution. 

[Claim 6] The photoresist film removal approach according to claim 1 characterized by using an 
ozone content photoresist film removal solution, and giving supersonic vibration further in said 
sealed system. 

[Claim 7] The photoresist film removal approach which is the photoresist film removal approach 
which follows the front face of the substrate which has the photoresist film in the sealed system, 
or supplies intermittently ozone according to claim 2 or 3 and a photoresist film removal solution 
to it, and is characterized by supplying a photoresist film removal solution intermittently in 
succession with a spraying gestalt. 

[Claim 8] The photoresist film removal approach according to claim 1 or 7 characterized by 
carrying out a reuse after collecting photoresist film removal solutions and adjusting again. 
[Claim 9] The ozone gas supply line which has a nozzle for injecting ozone gas in the reaction 
vessel which puts a photoresist film removal solution into the interior of a well-closed container, 
and this photoresist film removal solution, The substrate cassette for arranging and fixing the 
substrate which has the photoresist film on a front face so that the oil level of said solution may 
be contacted, The processing tub for collecting and processing the cassette migration device for 
moving this substrate cassette and ozone gas, and/or a photoresist film removal solution is 
included. It is the photoresist film stripper used for an approach according to claim 1 to 6, and 
they are coincidence or the photoresist film stripper supplied separately about gas and a 
photoresist film removal solution into said reaction vessel. 



[Claim 10] The photoresist film stripper according to claim 9 characterized by the ability to 
change the relative position of a substrate front face and the oil level of a photoresist film 
removal solution by moving a cassette migration device intermittently in succession in the range 
of the arbitration from the location where a substrate pars basilaris ossis occipitalis exists on 
the oil level of said solution to the location which has the substrate upper part under the oil level 
of said solution . 

[Claim 1 1] The photoresist film stripper according to claim 9 in which a reaction vessel has 
automatic closing motion opening for carrying out the variation rate of the oil level of a 
photoresist film removal solution. 

[Claim 12] The photoresist film stripper according to claim 9 which uses an ozone content 
photoresist film removal solution, and contains an ultrasonic generator further. 
[Claim 13] The photoresist film stripper according to claim 9 to 12 in which said processing tub 
includes a reuse or the means for exhausting for a photoresist film removal solution and/or 
ozone gas. 

[Claim 14] The substrate cassette for fixing to the interior of a well-closed container the 
substrate which has the photoresist film on a front face, The processing tub for collecting and 
processing liquid-sending tubing for supplying an ozone gas supply line and a photoresist film 
removal solution and ozone gas, and/or a photoresist film removal solution is included. It is the 
photoresist film stripper used for an approach according to claim 7. The photoresist film stripper 
characterized by supplying said photoresist film removal solution with a solution or a spraying 
gestalt from liquid-sending tubing, and supplying intermittently ozone gas and a photoresist film 
removal solution in succession. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[A terminological definition] the "ozonization gas" used in this invention — 20 degrees C — 
setting — ozone gas — more than 5 mol % — the gas containing the oxygen to contain is said. 
Moreover, in here, although "the sealed system" is a open system (open system) 
thermodynamically, it means that neither the introduced ozone gas, nor gas or a steam 
generated in the removal process of the photoresist film of this invention is emitted out of a 
system with a gestalt as it is. Furthermore, the "ozone content photoresist film removal 
solution" used here means the thing which made said ozonization gas mix in a photoresist film 
removal solution with a specific means. 
[0002] 

[Field of the Invention] This invention relates to the removal approach of an organic substance 
coat, the removal approach of the photoresist coat which is the organic high molecular 
compound currently especially used for photolithography processes, such as a semiconductor 
device, and the equipment for it. 
[0003] 

[Description of the Prior Art] The photoresist ingredient is used at the etching process for 
forming the electrode pattern which generally follows the photolithography process for forming a 
detailed pattern, and/or it in the manufacture process of semi-conductors, such as an integrated 
circuit, a transistor, liquid crystal, or diode. For example, first, when forming silicon oxide by the 
desired pattern on semi-conductor substrates (especially a silicon substrate is called a wafer.), 
such as a silicon substrate, after forming and defecating an oxide film on a substrate front face, 
on the oxide film, the photoresist ingredient suitable for a pattern is applied and a photoresist 
coat is formed. Next, the photo mask corresponding to a desired pattern is arranged and exposed 
on a photoresist coat. Subsequently, the photoresist film of a desired pattern is obtained by 
giving a development process. Then, in an etching process, an oxide film is removed according to 
the obtained photoresist film pattern. Finally, after removing the photoresist film, a desired 
oxide-film pattern is formed by performing defecation on the front face of a wafer. 
[0004] In the above-mentioned etching process, approach; by ** oxygen gas plasma and the 
approach using the oxidizer of ** versatility are learned as an approach of removing the 
unnecessary photoresist film from a wafer front face. Generally, by pouring oxygen gas into the 
bottom of a vacuum and the high voltage, the approach (**) by the oxygen gas plasma generates 
the oxygen gas plasma, and disassembles and removes the photoresist film by the reaction of 
the gas plasma and photoresist film. However, by this approach, there were problems, like the 
wafer containing a component itself receives a damage by the charged particle which exists in 
that an expensive generator is required and said plasma in order to generate the oxygen gas 
plasma. As an approach (**) using the various oxidizers for disassembling a photoresist 
ingredient, the method of using the mixed liquor of heat concentrated sulfuric acid or heat 
concentrated sulfuric acid, and a hydrogen peroxide as an oxidizer is known. However; since it is 
necessary to heat concentrated sulfuric acid to about 150 degrees C when using heat 
concentrated sulfuric acid, there is disadvantageous profit that danger is very high. 



[0005] The mixed liquor of heat concentrated sulfuric acid and a hydrogen peroxide emits the 
oxidative degradation matter according to the following schemes. First, a hydrogen peroxide is 
added to the heat sulfuric acid heated near 140 degree C. Under the present circumstances, a 
formula: [Formula 1] 

H2S04+H202 <=>H2S05+H20 (1) H202 -> 0+H20 By (2), persulfuric acid (H2S05: generally 
called a Caro's acid) and an oxygen atom (O) are generated, these strong oxidizing qualities — 
the organic photoresist film — ashing — it is processed and turns into mineral matter, and it is 
decomposed by the heat sulfuric acid and exfoliation removal of the mineral matter is carried 
out. 

[0006] However, as shown in the two above-mentioned formulas, in order for water to generate 
whenever it adds a hydrogen peroxide to a heat sulfuric acid and to dilute a sulfuric-acid medium 
with this approach, there was a problem that the concentration of the heat concentrated sulfuric 
acid after mixing fell with time. Moreover, since this approach needed like the former that they 
are the approaches that danger is very high — generation of heat arises — and the still stronger 
ventilation in a clean room at the time of use of hot concentrated sulfuric acid, and mixing with a 
hydrogen peroxide, it had the disadvantageous profit with high air conditioner costs. 
[0007] Although the liquid only for photoresist film removal of the nonaqueous miscibility called 
106 liquid (dimethyl-sulfoxide 30%: monoethanolamine 70%) etc. was developed as photoresist 
film oxidization decomposition agents other than the above-mentioned heat sulfuric acid etc., 
since oxidative degradation nature was a low thing and a nonaqueous miscibility compared with 
said heat concentrated sulfuric acid, or a sulfuric acid / hydrogen-peroxide mixed liquor, these 
had troubles, like waste fluid processing is difficult. 

[0008] As an approach of conquering the trouble about the above-mentioned ** and **, the 
photoresist film removal approach of using ozone gas / heat sulfuric-acid system as an oxidizing 
agent is proposed (JP,57-180132,A etc.). It is the approach an approach given in said JP,57- 
180132,A exfoliates the organic substance (the so-called resist film) or the inorganic pollutant 
which was made to carry out bubbling of the ozone content gas in a heat sulfuric acid, and 
covered it on the substrate or the insulating material layer, and the washing station (sectional 
view: drawing 8 ) used for the approach is also indicated. The quartz container 6 interior the 
washing station given [ said ] inan official report shown in drawin g 8 was installed on the heater 
11 is equipped with the quartz airpipe 112 which the heat concentrated sulfuric acid 5 heated by 
about 110 degrees C is filled, and has two or more gas nozzles 3. Through the quartz airpipe 112, 
by spouting to inside, ozone gas and concentrated sulfuric acid react and persulfuric acid and an 
oxygen atom are generated [ concentrated sulfuric acid / 5 / heat ] in it by changing into 
ozonization oxygen the material gas (gas which usually contains oxygen) supplied from the gas 
installation tubing 1 1 1 of the quartz container 6 exterior with an ozonator 1 . Jhese strong 
oxidizing qualities remove the photoresist film of the processing substrate front face where it 
was immersed into heat concentrated sulfuric acid. 

[0009] Although it was characterized by the ability to reduce the exchange frequency of a 
sulfuric acid by the approach given in this official report since water was not generated at the 
time of oxidative degradation, and sulfuric-acid concentration did not change, there was also a 
trouble that raw material cost was high. Moreover, in order to use hot concentrated sulfuric acid, 
the danger on an activity was high like the conventional method, and since the steam of an 
oxidizer occurred by bubbling of ozonization oxygen, very strong ventilation was required of this 
approach and equipment. 
[0010] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 
equipment which can reduce the amount of the raw material used, and the cost for ventilating 
facilities, and is used for environment-friendly photoresist film removal approach and it with high 
removal effectiveness, in order to solve the above-mentioned trouble in the photoresist film 
removal approach and equipment of the conventional known. 
[0011] 

[Means for Solving the Problem] The 1st mode of this invention arranges the substrate front 
face which has the photoresist film in the sealed system so that a photoresist film removal 



solution can be contacted. And it is made to exist in the condition of having made ozone mixing 
in gas and/or a solution near the oil level of said solution. It is the photoresist film removal 
approach of changing the relative position of said substrate front face and oil level of said 
solution, and disassembling and removing the photoresist film. It is the photoresist film removal 
approach characterized by changing said relative position intermittently in succession in the 
range of the arbitration from the location where a substrate pars basilaris ossis occipitalis exists 
on the oil level of said solution to the location which has the substrate upper part under the oil 
level of said solution. The photoresist film removal approach characterized by changing said 
relative position intermittently in succession in the range of the arbitration from the location 
where a substrate pars basilaris ossis occipitalis exists on the oil level of said solution to the 
location which has the substrate upper part under the oil level of said solution is offered. 
[0012] The photoresist film removal solution used in the approach of this invention may be 
chosen from pure water, aqueous acids, an alkaline water solution, or an organic solvent that 
what is necessary is just the solution which dissolves the ozone of a desired amount. By the 
approach of this invention, it is possible coincidence or to supply separately said ozone gas and 
a photoresist film removal solution. 

[0013] In the approach of this invention, the relative position of said substrate front face and oil 
level of said solution is controllable by either of carrying out the variation rate of the oil level of 
moving-(1) substrate itself; or (2) photoresist film removal solution. Here, said migration and 
variation rate may be performed intermittently in succession. 

[0014] By the approach of this invention, an ozone content photoresist film removal solution can 
be used, and supersonic vibration can also be given in said sealed system. 

[0015] Or it includes following the front face of the substrate which has the photoresist film in 
the sealed system as an exception method of the approach of this invention, or supplying 
intermittently the photoresist film removal solution of ozonization gas and a spraying gestalt to 
it. 

[0016] After collecting the photoresist film removal solutions after use and adjusting again by the 
approach of this invention, it is also possible to carry out a reuse. 

[0017] The reaction vessel which puts a photoresist film removal solution into the interior of a 
well-closed container as the 2nd mode of this invention, The ozone gas supply line which has a 
nozzle for injecting ozone gas in a photoresist film removal solution, The substrate cassette for 
arranging and fixing the substrate which has the photoresist film on a front face so that the oil 
level of said solution may be contacted, The photoresist film stripper containing the processing 
tub for collecting and processing the cassette migration device for moving the substrate 
cassette and ozone gas, and/or a photoresist film removal solution is offered. According to the 
equipment of this invention, said ozone gas and a photoresist film removal solution can be 
supplied simultaneous or separately into a reaction vessel. 

[0018] In the above-mentioned equipment, the relative position of a substrate front face and the 
oil level of a photoresist film removal solution can change in the range of the arbitration from the 
location where a substrate pars basilaris ossis occipitalis exists on the oil level of said solution 
to the location which has the substrate upper part under the oil level of said solution by moving 
a cassette migration device intermittently in succession, or controlling intermittently the supply 
and the discharge to the reaction vessel of a photoresist film removal solution in succession. 
[0019] In the equipment of this invention, when controlling supply and discharge of said solution, 
the reaction vessel may have automatic closing motion opening for carrying out the variation 
rate of the oil level of a photoresist film removal solution. 

[0020] Moreover, the equipment of this invention may contain the ultrasonic generator further. In 
this case, as for the removal solution used, it is desirable that it is the ozone content photoresist 
film removal solution which does not contain air bubbles. 

[0021] Or the photoresist film stripper containing the processing tub for collecting and 
processing liquid-sending tubing for supplying the substrate cassette for fixing the substrate 
which has the photoresist film on a front face, an ozone gas supply line, and a photoresist film 
removal solution to the interior of a well-closed container and ozone gas, and/or a photoresist 
film removal solution also offers this invention. In said equipment, the photoresist film removal 



solution supplied from liquid-sending tubing may be a solution or a spraying gestalt, and ozone 
gas and a photoresist film removal solution may be supplied further intermittently in succession. 
Said processing tub may include the reuse or the means for exhausting for a photoresist film 
removal solution and/or ozone gas. 
[0022] 

[Embodiment of the Invention] Although the equipment which uses an example for below and is 
used for it at the approach of this invention and it is explained concretely, this invention is not 
limited to the following examples. 

Example 1 this example is related with the photoresist film removal approach of having used the 
photoresist film stripper (A1; drawing 1 ) of the 2nd mode of this invention. 
[0023] The photoresist film which can carry out removal processing in this invention is a coat 
formed from the resist ingredient containing the organic high molecular compound used in a 
semiconductor device production process, and the coat on which the front face deteriorated by 
further high-concentration doping, and the coat with which mineral matter adhered to the front 
face in the etching process are also included. 

[0024] The substrate which has the above-mentioned photoresist film on a front face is not 
limited especially if usually used for manufacture of a semiconductor device, and a silicon wafer, 
the glass substrate for liquid crystal display components, the glass epoxy group plate for 
electronic substrates, etc. are mentioned. 

[0025] - ** the gas by which the outline of an operation of the equipment (A1) of this invention 
uses oxygen as a principal component as material gas first according to ****1 — from a supply 
pipe 111 — supplying — an ozonator 1 — minding — at least five-mol% of material gas even 
5-100-mol % is ozonized preferably. On these specifications, in order to simplify, the gas 
containing this ozone gas is called "ozonization gas" below. 

[0026] Here, the ozone content in ozonization gas may change depending on the magnitude of 
the substrate to process, the class of photoresist, etc. Moreover, the amount of supply of the 
gas containing the oxygen to an ozonator may change depending on the ozone content needed in 
ozonization gas. 

[0027] The obtained ozonization gas is mixed with the photoresist film removal solution and 
ejector mechanism 2 which are supplied with a pump 4, and the ozonization solution 5 is 
generated. This solution is introduced into the reaction vessel 6 in a well-closed container 7 
through a supply pipe 114. With the equipment (A1) of this invention, in order to prevent invasion 
of the moisture to the ozonator 1 which is the factor which makes the yield of ozone gas 
decrease sharply, the check valve 1 13 is formed before ejector mechanism 2. The component 
which detects still more preferably the capacity supplied to an ozonator 1 is installed, and it 
controls to close a check valve 1 13 at the time of un-supplying [ of material gas ]. 
[0028] The photoresist film removal solution which can be used by this invention can be chosen 
from the group which consists of organic solvent; containing alcohols [, such as aqueous-acids; 
ammonium hydroxide, /, such as ketones, such as an alkaline water-solution; acetone, and 
isopropanol, ], such as a pure-water; sulfuric acid, a hydrochloric acid, a nitric acid, an acetic 
acid, and a hydrogen peroxide, and those mixture. Although it is most desirable to use pure water 
from troubles, such as waste fluid processing, when a photoresist removal rate tends to be 
raised or it is going to remove the deterioration film after a high concentration ion dope, or the 
pollutant on a substrate, it is desirable to use the mixed liquor of solvents other than pure water 
or said solvent. 

[0029] The ozone level in an ozonization solution used in the equipment (A1) of this invention is 
a saturation state, and may be 10-200 ppm in 20 degrees C preferably. This concentration can 
change by adjusting the ozone content in ozonization gas. 

[0030] The excessive ozonization solution 5 (the inside of drawing! , arrow head 51) overflowed 
from the reaction vessel 6 by supply of the ozonization solution 5 is recovered by the well- 
closed container 7, and recycling is carried out through a filter 41. After returning the 
ozonization gas which became unnecessary after processing to oxygen with the ** ozone treater 
13 through the ozone gas exhaust pipe 131, it is discharged by atmospheric air. Therefore, 
according to this invention, in order to perform removal of the film in a well-closed container, 



harmful gas does not disperse in atmospheric air, and large-scale ventilating facilities are 
unnecessary. Moreover, since it circulates through a use solution after an activity, reduction of 
raw material cost is also possible. 

[0031] When processing the substrate 8 which has the photoresist film on a front face using the 
equipment (A1) of this invention, a substrate 8 is fixed in the predetermined direction in the 
substrate cassette 9. Here, you may have the means (for example, slot etc.) which the substrate 
of predetermined number of sheets with which the substrate cassette 9 is expected to process 
to coincidence can fix so that each substrate front face may become parallel at fixed spacing. By 
migration of the cassette migration device 10 in which the substrate cassette 9 was fixed, 
vertical migration can be carried out within a well-closed container 7. Vertical migration of a 
substrate cassette is performed at an include angle from which a substrate front face and the oil 
level of a photoresist removal solution become almost perpendicular preferably especially. 
However, in this invention, if a substrate front face and the oil level of a resist removal solution 
can contact effectively, it will not be limited to said include angle. 

[0032] The substrate 8, the substrate cassette 9, and the cassette migration device 10 which 
were shown as the continuous line express a condition when the condition when pulling up a 
substrate according to the cassette migration device 10 to the most significant (location where a 
substrate pars basilaris ossis occipitalis exists on the oil level of said solution) is shown and a 
broken line lowers a substrate to the least significant (location which has the substrate upper 
part under the oil level of said solution) among drawing 1 . In this invention, the vertical migration 
which makes an one pass the substrate to process even for said most significant the least 
significant - the most significant is given to at least 1 time. Here, vertical migration of a 
substrate may be continuous or may be intermittent (that is, intermittent). 
[0033] - a photoresist film removal process — here, explain the removal process of the 
photoresist film by the approach of this invention including vertical migration of a substrate to a 
detail with reference to the conceptual diagram of drawing 2 . In drawing 2 , it is immersed in the 
ozonization solution 5 in a half area from the pars basilaris ossis occipitalis by the substrate 8 
which has the photoresist film 81 on a front face. Here, when pure water was used as a 
photoresist film removal solution, the removal rate according that the ozone content in the 
ozonization gas content solution obtained is 50 ppm at 20 degrees C to the oxidative degradation 
of the photoresist film in the inside of this solution was a part for about 0.04 - about 0.08- 
micrometer/. 

[0034] Into said ozonization solution, the photoresist film on the front face of a substrate is 
covered with the film of an ozonization solution, and the diffusion rate of ozone gas becomes 
slow. Therefore, the photoresist film covered with the ozonization-solution is disassembled to 
some extent, and although low-molecular-weight-ized, the oxidation does not advance 
effectively after that. On the other hand, near [ 82 (an oil-level top, the range of about 1cm) ] 
the gas-liquid interface between an ozonization solution and atmospheric air, high-concentration 
ozone gas exists, and since the photoresist film by which it was covered by the film of an 
ozonization solution may be supplied, a lot of ozone gas than the inside of an ozonization 
solution can be contacted. According to such a gas-liquid interface 82, the oxidative degradation 
of the photoresist film may arise at said rate several times the speed of removal. Furthermore, in 
case ozone content air bubbles (the inside of drawing 2 , 52) explode in mind, the operation 
which makes surrounding ozone water adhere to a substrate is expressed. When the ozonization 
solution adhering to a substrate flowed caudad according to gravity and this invention persons 
fell, the operation (namely, detergency) which flushes the low-molecular-weight-ized photoresist 
film together also found out a certain thing. 

[0035] For example, in the equipment (A1) of this example to which substrate 8 the very thing is 
moved, in case a substrate 8 is moved upwards out of the ozonization solution 5, as shown in 
drawing 3 (a), the location of a substrate is moved at uniform velocity (a part for 1-1 00cm/ 
[ Preferably ]) from Hmin to Hmax to a time-axis (range I). Thereby, it can continue all over a 
substrate and a photoresist film removal operation near [ above-mentioned ] a gas-liquid 
interface can be confirmed. The aforementioned migration may be continuous or may be 
intermittent (intermittent). That is, a substrate may move a specific relative position at fixed 



spacing, even if it makes it move at uniform velocity continuously (it moves 1-1 Ocm every 0.5 - 
10 minutes preferably). 

[0036] the [range II of drawing 3 (a)] moved at the rate of the between for 10-1000cm/a part for 
for example, 10cm/ — the above — most — desirable — more quickly than the passing speed to 
the aforementioned upper part in case a substrate 8 is moved below and you make it immersed 
to the ozonization solution 5 in equipment (A1). It is possible for frictional force to produce a 
substrate between the photoresist film and an oil level, if immersed in an ozonization solution, 
and to also exfoliate or dissolve the piece of the photoresist film of the amount of giant 
molecules into a solution comparatively at a quick rate. 

[0037] Comparatively, after [ which was existed or dissolved into the ozonization solution ] 
oxidative degradation of the piece of the photoresist film of the amount of giant molecules is 
carried out in said solution or they are collected after that to a well-closed container 7, uptake 
of it may be carried out with a filter 41 . moreover, the filter 41 — warming — if a facility is 
equipped, the piece of the photoresist film can be decomposed more efficiently and the 
exchange frequency of an ozonization solution can be further reduced by it. 
[0038] In this example, it performs moving a substrate up and down once [ at least ] like the 
above-mentioned. Furthermore, in the culmination of the processing in the approach of this 
invention, if a substrate is pulled up at a stretch out of an ozonization solution, it will be easy to 
produce exfoliation of the photoresist film, and subsequent substrate washing processing will be 
performed more efficiently ( drawing 3 (a) range III). 

[0039] or in the approach and equipment of this invention, migration of a substrate is shown in 
d rawin g 3 (b) — as — being intermittent (intermittent) — you may carry out. For example, after 
holding a substrate in 0.5 - 2-minute ozonization gas, it may be immersed into an ozonization 
solution for 10 seconds - 1 minute. As for migration of a substrate in said solution out of 
atmospheric air, it is especially effective to carry out, after the solution adhering to a substrate 
front face dries. In this invention, by including further the process gone up and down quickly in 
the vertical migration process of the above substrates, the photoresist film becomes easy to 
exfoliate and a membranous removal rate may improve. 

[0040] Although the removal rate of the photoresist film in this example changed depending on 
the art of the photoresist ingredient used and the film etc., it was about 0.1-5-micrometer range 
for /. It means that the approach of this speed range of this invention improved several times 
compared with the removal approach of the conventional known. 

[0041] Although example 2 example 1 explained the relative position of a substrate front face 
and the oil level of said solution about the approach and equipment to which it is made to move 
and the substrate itself is changed, it is also possible to control by this invention by carrying out 
the variation rate of the oil level of a photoresist film removal solution. The example of the 
equipment in the case of carrying out the variation rate of the oil level of a solution to drawing 4 
is shown. The equipment (A2) shown in drawing 4 consists of the same configuration as the 
equipment (A1) shown in drawing 1 fundamentally (material gas is gas containing oxygen and 
each photoresist film removal solution of a publication can use it for an example 1). However, 
vertical migration of the substrate 8 according to the cassette migration device 10 within a well- 
closed container 7 with the equipment (A2) of this example is not indispensable. The automatic 
closing motion opening 61 is formed in reaction-vessel 6' in a well-closed container 7, and this 
controls the variation rate of the oil level of the ozonization solution 5. The automatic closing 
motion opening 61 may be formed in which wall surface or base of reaction-vessel 6'. The 
displacement rate of the oil level of the ozonization solution 5 with the automatic closing motion 
opening 61 may be equivalent to the passing speed of the substrate by the cassette migration 
device in an example 1. By the case, an oil level may be moved continuously or intermittently. As 
for the rate to which the variation rate of the oil level of the ozonization solution 5 is carried out, 
it is desirable to control with reference to the description about above-mentioned drawing 3 . 
[0042] Example 3 this invention equips further equipment given in examples 1 and 2 with an 
ultrasonic generating means as the above-mentioned approach and another mode of equipment, 
and also offers the approach and equipment which raise a throughput by giving supersonic 
vibration to an ozonization solution and a substrate. One example of the photoresist film stripper 



(A3) used for drawing ^ in this example is shown (however, you may be the same as that of 
equipment given in an example 1 except the component mentioned specially and a function). In 
the equipment (A3) used for this example, the ultrasonic generating means 71 may be 
conventionally well-known. In drawin g 5 , although the pars basilaris ossis occipitalis of a well- 
closed container 7 is equipped with the ultrasonic generating means 71, as long as it can give 
supersonic vibration effective in an ozonization solution and a substrate, the location installed 
may not be limited, for example, may be installed in the reaction bottom of the tank section. 
[0043] In drawi ng 5 , the supplied air of the material gas (gas containing oxygen; not shown) is 
first carried out to an ozonator 1 through Blois 1 16. It mixes with the solution which supplies the., 
gas which the part ozonized to the film type dissolution module 21, and is supplied from a pump 
4, and considers as an ozonization solution, and this is supplied to the reaction vessel 6 in a 
well-closed container 7 through a supply pipe 114. The gas of the surplus which was not 
dissolved in a solution circulates and a supplied air is again carried out to the film type 
dissolution module 21 through Blois 1 16 and an ozonator 1. Here, when the circulating gas 
contains some moisture, the ozone generating effectiveness within an ozonator 1 may fall with 
time. At this example, by installing the cooling mold dehumidifier 115 between Blois 116 and an 
ozonator 1, such moisture is removed and aging of the ozone generating effectiveness within an 
ozonator 1 is controlled. 

[0044] The whole substrate is immersed in the reaction vessel which filled the ozonization 
solution. If an ultrasonic generating means is operated, vibration will spread to an ozonization 
solution and a substrate. The film of the solution which had covered the photoresist film front 
face of a substrate with this vibration is destroyed. Thereby, the contact frequency of a 
photoresist film front face and an ozonization solution increases, and the removal rate of the 
photoresist film improves notably. 

[0045] Example 4 this example explains the equipment (A4) which uses ozone gas for the 
approach and it which are supplied separately from a photoresist film removal solution. Drawing 6 
shows the photoresist film stripper (A4) which formed the cassette migration device to which 
the reaction vessel which puts in a photoresist film removal solution in a well-closed container, 
and a substrate are moved up and down, and each supply pipe for supplying a photoresist film 
removal solution and ozonization gas separately into a well-closed container from the exterior, 
respectively. Here, since it does not mix with a solution but ozonization gas 1 10 is directly 
supplied in a well-closed container 7 through a supply pipe 112 from an ozonator 1, it can supply 
high-concentration ozone gas. Moreover, since it is not necessary to circulate the photoresist 
film removal solution 5, it shall supply a complement from the solution supply pipe 1 1 7 each time. 
However, you may be the same as that of equipment given in an example 1 except the 
component mentioned specially and a function. In this example, the substrate 8 whole is first 
immersed into said solution 5. Next, the substrate 8 whole is pulled up, the thin film of a solution 
is formed in a photoresist film front face of this which is contacted in the ozonization gas 1 10 
supplied separately, ozonization gas becomes easy to permeate, and a membranous removal rate 
is improved more. 

[0046] In this example, although each thing indicated in the example 1 can use a photoresist film 
removal solution, isopropyl alcohol is suitable for it especially from the point which is easy to 
form the thin film of a solution in a photoresist film front face, and is easy to evaporate. 
[0047] In this example, in order to promote evaporation of the film of the solution which the 
catabolic rate of the photoresist film is raised and is formed in a front face, a photoresist film 
removal solution may be heated with the heating means (the inside of drawin g 6 ,11) usually 
used. By installation of a heating means, the piece of the photoresist film low-molecular-weight- 
ized by decomposition or exfoliation can be decomposed efficiently, and the exchange frequency 
of a solution can also be controlled. In this case, a photoresist film removal solution may be 
heated to the temperature of the arbitration to 100 degrees C. 

[0048] The description of example 5 this example is supplying separately the photoresist film 
removal solution of ozonization gas and a spraying gestalt intermittently in succession, 
respectively. In this example, a photoresist film stripper (A5) as shown in drawin g 7 is used, for 
example. This equipment (A5) includes each processing facilities 151 and 131 for collecting and 



processing superfluous ozonization gas 110 and/or the photoresist film removal solution 31 after 
use, and penetrant remover 31' in the solution injection pipe 300 list for supplying the liquid- 
sending tubing 302 for supplying the supply pipe 1 12 for supplying ozonization gas to a well- 
closed container 7, and a photoresist film removal solution with the Myst gestalt, and the 
solution for washing with a spraying gestalt. The substrate 8 is being fixed by the means (not 
shown) of arbitration in the well-closed container 7. 

[0049] Removal of the photoresist film in said equipment (A5) fixes a substrate 8 in a well- 
closed container 7 first. Next, a photoresist film removal solution is sprayed from the liquid- 
sending tubing 302 through a humidifier 301. The photoresist film removal solution used here may 
be the same as a thing given in an example 1. Moreover; spraying of said solution may be 
continuous or intermittent. Here, the amount of spraying of said solution may change depending 
on the magnitude of the substrate to process, or the thickness of the photoresist film. Spraying 
and coincidence of a solution, or the ozonization gas 110 which got mixed up and occurred with 
the ozonator 1 is supplied into a well-closed container 7. 

[0050] With the photoresist film removal solution 31 of the shape of supplied Myst, a thin coat is 
formed on the photoresist film on the front face of a substrate. Subsequently, the photoresist 
ingredient of the low molecular weight in which it oxidization-decomposed, or exfoliated, and said 
film decomposed or exfoliated according to an operation with the ozone gas which exists in an 
ambient atmosphere is dissolved into a coat. If a photoresist component melts into the coat of a 
solution by oxidization decomposition, ozonization gas will be consumed by decomposition of the 
photoresist component which melted into the solution, and will no longer be supplied fully even 
to the photoresist film on a substrate. Therefore, it sprays on a substrate 8 for every fixed time 
amount from an injection tip 300 by making the same solution or the pure water as said 
photoresist film removal solution into a penetrant remover, and it is desirable to wash a 
substrate front face and it can carry out preferably with the same time interval as the time of 
moving a substrate intermittently in an example 1 (for example, it injects for [ 10 seconds - ] 1 
minute every 0.5 - 2 minutes). 

[0051] Then, it is possible by making the oxidative degradation by spraying and contact in ozone 
gas and those washing processes of a solution into an one pass, and repeating this several times 
to remove the photoresist film at a high speed more. 

[0052] The excessive ozonization gas 110 which occurs according to the above-mentioned 
process, the photoresist film removal solution 31 after use, and penetrant remover 31' are 
collected and/or processed by the solution processing tub 151 or the ** ozone treater 13, and 
can be given to abandonment or a reuse with it. The solution processing tub 151 may equip the 
heating means 1 1, such as a known heater, in order to raise processing effectiveness. The 
approach and equipment of this example are taken into consideration to waste fluid and exhaust 
air processing, and, thereby, can realize high-speed photoresist film removal processing 
extremely. 
[0053] 

[Effect of the Invention] According to the approach of this invention, by changing the relative 
position of the substrate front face which it is going to process, and the oil level of said solution, 
contact frequency with the photoresist film, ozone gas, and a photoresist film removal solution 
increases, and the decomposition removal rate of the photoresist film can be promoted. 
[0054] Moreover, if ozone can be dissolved, each solvent of the conventional known chosen from 
pure water, aqueous acids, an alkaline water solution, or an organic solvent can use the 
photoresist film removal solution used by this invention. In this invention, since ozone and a 
photoresist film removal solution can be supplied to coincidence by making ozone mix into a 
photoresist film removal solution for example, the decomposition removal rate of the photoresist 
film can be promoted further. Moreover, since it is also possible to supply ozone and a 
photoresist film removal solution separately, respectively, adjustment of raw material cost is 
easy. 

[0055] In the range of the arbitration from the location where a substrate pars basilaris ossis 
occipitalis exists on the oil level of said solution to the location which has the substrate upper 
part under the oil level of said solution, by moving the substrate itself up and down, or carrying 



out the variation rate of the oil level of a photoresist film removal solution, change of said 
relative position is possible and, according to this invention, thereby, the removal processing of 
the uniform photoresist film of it covering the whole substrate surface is attained. 
[0056] By giving supersonic vibration into a processor, it is also possible to improve said 
decomposition removal rate further. 

[0057] In the equipment used for the approach of this invention, and it, if a photoresist film 
removal solution is used as a steam or a Myst gestalt, oxidative degradation and an exfoliation 
rate can be notably improved by low-molecular-weight-ization of the photoresist film being 
further promoted by contact in high-concentration ozone gas, and washing away with the 
photoresist film removal solution of the letter of spraying after that by it. 
[0058] It is also possible by incorporating the processing tub for collecting and processing 
excessive ozone gas and/or a photoresist film removal solution after an activity in the equipment 
of this invention to make into the minimum the amount of the raw material used for removing the 
photoresist film. 

[0059] Furthermore, since the equipment of this invention has a processing tub about discharge 
of excessive ozone gas or a photoresist film removal solution in order to collect and process, 
and it can discharge it as harmless gas or a solution by that cause, it does not have a bad 
influence on an environment. Moreover, since the equipment of this invention is operated within 
the sealed system, also when using a raw material as a steam or Myst, gas or a steam harmful in 
atmospheric air cannot disperse. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a typical sectional view showing the photoresist film stripper of this invention 
concerning an example 1. 

[Drawing 2] It is a conceptual diagram showing removal of the photoresist film by the photoresist 
film removal approach of this invention. 

[Drawing 3] It is a conceptual diagram showing the relative position of the semi-conductor 
substrate to the processing time in the photoresist film removal approach of this invention, and 
the oil level of a photoresist film removal solution. 

[Drawing 4] It is a typical sectional view showing the photoresist film stripper of this invention 
concerning an example 2. 

[Drawing 5] It is a typical sectional view showing the photoresist film stripper of this invention 
concerning an example 3. 

[Drawing 6] It is a typical sectional view showing the photoresist film stripper of this invention 
concerning an example 4. 

[ Drawi ng 7] It is a typical sectional view showing the photoresist film stripper of this invention 
concerning an example 5. 

[Drawing 8] It is the typical sectional view which expresses the photoresist film stripper of a 
publication with the advanced technology. 
[Description of Notations] 

1 [ — Ozonization gas nozzle, ] — An ozonator, 2 — Ejector mechanism, 3 — An ozonization 
solution injection pipe, 3' 4 [ — Reaction vessel, ] — : A pump, 5 — An ozonization solution, 5' — 
Heat concentrated sulfuric acid, 6, 6' 6" [ — Substrate cassette, ] — The container made from 
a quartz, 7 — A well-closed container, 8, 8' — A substrate, 9, 9' 10 — A cassette migration 
device, 11 — A heating means, 13 — ** ozone treater, 21 — A film type dissolution module, 31 

— A photoresist film removal solution, 31' — Penetrant remover, 41 — A filter, 51 — The 
overflow direction of an ozonization solution, 52 — Ozone gas air bubbles, 61 — Automatic 
closing motion opening, 71 — An ultrasonic generating means, 81 — Photoresist film, 82 — Near 
a gas-liquid interface, 110 — Ozonization gas, 111 — Material gas supply pipe, 112 — An 
ozonization gas supply line, 113 — A check valve, 114 — Ozonization solution supply pipe, 115 - 

- A cooling mold dehumidifier, 116 — Blois, 117 — Photoresist film removal solution supply pipe, 
1 18 [ — An exhaust gas airpipe, 132 / — A blower, 140 / — Penetrant remover liquid-sending 
tubing, 151 / — A solution processing tub, 300 / — A penetrant remover injection tip, 301 / — 
Humidifier. ] — The drain for solutions, 119 — A bulb, 120 — The airpipe made from a quartz, 
131 
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UE?fcSo-BI4fc:. SffiOffilS*^ffl*^S«'&£>SB 
OM^^to 0 4^-TSfi (A 2) S*#Hcte0 

nc^-r^a cad fcn*oiirt^6** caw^x 

5, *Hffi#!i<D^B (A 2) Ttt, !&BBS»7rt-e<D* 

■t^ h»«^iote**a»o±T»«itt^'etta: 

i/\> !BBH««7rtOSJit?Hl6 , ttt. S»IBHP6l#<»«- 

S rc tttfEHKiRtf 6 fvr fc £ v\> § ttBUGfl P61 k: * 5* 
yxbfg^s^ffi^ffiMft^, jsswwi fcftw-s* 
■fe* h»M««U:cfcS^O»»5fifti:lRl*-efioT<k 

[0042] n&m3 

ffil 1 2 H:|5*0««fcS6K:««jR«4#S*« 

iu *y^{b**«5«ttf»«t«:ia*ifiJBi(i*{*#-rs 
«-r^o bisk. *mffimiz*s^Ti&m?z7*hui? 

XMi£M (A3) O-H«0O*^-r (/c/-£L, If 
ra«T$oT«J:v0 o *SJSflWK:as-rstt« (A3) 

ic*«iicjB»iSili*^"P*soT?$nfcf, iss^n 

[0 0 4 3] 0 5&C*5^T. 9cf, (MR** 

Bi^as«-r*o — SB^Wfbbfc^rxsHiscsw* 
^Lr^^fbSJBEfcU cn*> fla&ffii4*ai:T 
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tsns. ccf, M^sn^x**^©*^-^ 

[0 0 4 4] *»7:/{raBS*aifcLfcRf6»Afc» 

<t«»**tfWElcliMWQlW-*. c©J8S&fc:<fc!>, 10 
St<D7t h l^X hJK36ffi*«flrUTV>fejS«[<OK*< 

[0045] ^mm 4 

4) ic-D^xmm-r^> 0 M6iz. mmmmmc, y*h 

^sfc#©&«S£B£^n j Fnss«Tc:7:a- h i^x h 
e«»£SB (a 4) fe^-r. ccr*, sj-yxbtfxno 

cnficcj; 0 , 7 * b ue/x hMSSficfgfgoPM*' 5 

[0 0 4 6] #j|;8£0!lfc*5l^T\ 7tHx->*XMi£ 

sat*, ^aswitiBttLfeto^-rnfeffiffl-p** 

7 * b l^'X b B*&SC&ffi0*llft£;&j£ LB < 
[0 0 4 7] #HaS#!|-m, 7* b l^X MtOSMBiS 
jgsnsinS&fS (0 6*, 11) ficj; OAa^LTt <fc 

* b U->'X hJK»£Sffitt, 1 0 0 "Ct: TCD&mcDUm. 
ficiOf^LTJclz-c 

[0 0 4 8] ^iSCT5 50 
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*^ffifijci#^fi4, *v":y{b;tfx£:igu£jfc!g©7* hi/ 

7fic^iT<k?&7* bl^XbMI^S«H (A 5) 

cogi (a 5) ?BEag8§7k:*V>{b«' 
x*#*&T*fc»©#*esii2, 7* b i^x bsii&s 

jS*JO^- y > fb # X 1 10*5 J: tc \tm&'&<D7 * b 
l^'X h«f»S»«3l43J:t;«c»«t3i '*II|iKLT«yi 
-r^fc*cD=&5na^fitl51*5^Lfl31^-g-£fo S1S8ti, 

«iss«7F»3K:ffis©#& an^-ein tcfcDs^sn 

[0 0 4 9]fufeS« (A 5) iZiSlfZy* bl^Xb 

fiC, 7* b l^X hM^Sjg?S*iDj@g5301%^LT3M 
^B302^6««-r5 o LcT*ffflt2.7iM/->*Xh 

Ml££?g?£fii, Hftftli tffifSOfeokraUT'feoT.fe 
V\> $fc, iuf3ig?£©«flfiis ^tfi*)^fcfi±ra^fi*IT*fe 

«fcv\, ^$©«fl£[ip#a:fc fitful LT, *y>fg£8S 

iT?fg^Lfc^-y w'b**xno*®Kgf§7rt'\«*&-r 

[0 0 5 0] #t,^nfc:5XbttC07* hU^Xhli 

>**X tof^fflt <t 9tfflEMtflMb4M¥$fcai(M;£ 
fi^miffll+tjSIBSn*. ^fb^-Pli: «fc »J»«E<0«K(f 

t, ss±ox* h i^->*x hM*-p+»tfl»esnft< 

«:^ 0 ^©fcJ6, 19137* hUS^XhffllBft^Jgffifcrai; 
r§f^Src«^7j<^^}#^^ LT, «ttP300^6SS8fii: 

^L<, »$L<fii, SlSStfll 1 fic^TH^WficSffi^ 
Sfift-r«IStrattlO^HWH (MAfcf, 0.5-2^-B 
#fic l 0@~ 1 #H"»Wr*SD T-ff^dil i:^T*€ 

So 

[0051] jSjK<ORldS. *y>«rxfc«o»« 

fic j;s^b^?*3<tt;^ne»©^i^ 1 ^xtu 

[0 0 5 2] ±f37a-feXfiCJ;'9f?^-r5, jft3WO*V' p 
XbtfXllO, fM<D7t h b->"X hM^*fS^31t3 
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[0 0 5 3] 

[0 0 5 4] Sfc. *«SBTfiffl«7tH/^M 10 
»«*BWFfc«*eT*Sfe«). 7* b l^X hloii? 

43*tf 7* b )^x hm»&mm**ft s etiwimtz&fe 

[0 0 5 5] at^WBfc-fcntf. IME«»ffi«oaSfttt. 
v?X bMHfc£««<3«ffi*gffi«*S c £ fc <fc 0 RJtbT? 

[0056] mm^mcmw&MW[}* J *7Lz>c£fc&-D 
[oo s 7i*§rao*ftfe*tf*nfe«s*n«SHi 

[0 0 5 8] *?BH4)SMrtlCtt, ftMttL 

h U^X hK*tt*-rs<DfcfiKffl-r-5JH»<D««:«/>H 
let SC^fePltgTfeSo 

[0 0 5 9] SBKI* &m<D*V>1S 
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[0 i ] HJgffil i \z&Z>*¥ffi}oy* b l^x bBSRt 

[0 2] *RB07* M/^bii£^j;| > 7 
* h l^X hK©^«tttS:HT$5o 
[0 3] ifmR<D7* V us?x hK»S7fiS^*» 

^a^jc^-rs^w^sffi^^* h i^x b§£B& 

[04] ^«S«2fc:«S*^SW07* hU^XhMI» 

[0 6] *8S«4Jt:«S*%W07* H/?XH» 
[07] Saiiffil5K:«S*»*©7* hl/^HB 
[0 8 ] SfcfTKtBfcfBttCD? * h l^X h KBfc£^B 

jKWHff. 3 '•••^y>ft^x^*f?L 4-#>'7\ 5 
-*y^b»*. 5 '-"KflBiiHI^ 6. 6 ■-SJEflk 

7-ffiBBS«. 8. 8 '-Sfe 9, 
9 '-aMRfc-fey K 10-*-feyh8»m n- 
inl»#a. i3-SM- % />«HHk 2i-«a»*^ 
zl— ;K 3 l-^tM/^hgiiSE 3 l '-iJfe 
j^ffl^ 4' l -:7 5 i - t^^tti^-^ 

- 7 o— TSrift. 5 2-4-y>^xm 6 1 — ^b&bhbh 

P, 7 1 -jtt«6«Sfe#«. 8 1 -7* h U^X hit, 
8 2-IPfflt2> 1 1 0-*y>4btfX. 111- 
H»35fX«»«. 1 1 2---*V^{fc;ffX#*6«. 1 1 3 

-fflit^. i 1 4-*!/^ft«f«flae«. i 1 5-»sj 

M^Sgg. 1 1 1 1 7-7*M/^XM 

1 1 8-»«BFW^ 1 1 9->< 
l 2 0-E^lMf, l 3 1 -»ifXjSS»«. 
1 3 2-3Sffl«. 1 4 0 1 5 1 

saam. 300 -mwrnmn, 3 o i -Msgo 
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